Background The prognosis of metastatic gastric cancer (GC) remains dismal, with a median survival of 10 months. Historically, primary tumor resection was not thought to confer any survival benefit. Although high-level data exist guiding treatment of metastatic GC for patients in the East, no such data exist for Western patients despite inherent ethnic differences in GC biology. Methods The 2006-2012 National Cancer Database was queried for adult patients with metastatic gastric adenocarcinoma. Patients were classified into those who underwent primary tumor resection and chemotherapy (PTRaC) and those who received chemotherapy only. Groups were propensity score matched, and survival was compared using advanced statistical modeling. Results A total of 7026 patients met the inclusion criteria: 6129 (87%) patients were treated with chemotherapy alone and 897 (13%) patients were treated with PTRaC. After multivariable adjustment, patients who underwent PTRaC had a significantly better overall survival (OS) than patients who received systemic therapy only (HR, 0.60; 95% CI, 0.56-0.64; p \ 0.001). Following full bipartite propensity score-adjusted analysis, 2-year OS for patients who received chemotherapy only was 12.6% (95% CI, 11.7-13.5%), whereas it was 34.2% (95% CI, 31.3-37.5%) for patients who underwent PTRaC (HR for resection: 0.52; 95% CI, 0.47-0.57; p \ 0.001). Conclusion Our data suggest that there exists a subset of patients with metastatic GC for which PTRaC may improve OS. As significant uncertainty still remains, our results support the need for further prospective trials investigating the influence of palliative gastrectomy on survival among Western patients.
Introduction
Globally, gastric cancer (GC) is the fifth most common cancer worldwide, contributing significantly to the burden of cancer-related morbidity and mortality [1] [2] [3] . Although less prevalent in Western countries, an estimated 26,500 new cases of GC are expected in the United States in 2016 [4] . In contrast to Asian countries, many of which have screening programs in place (53% of the GC patients are diagnosed with localized disease), in Western countries GC is often diagnosed at a more advanced stage [5] . In the US, approximately two-thirds of patients are diagnosed with stage III or IV disease, and of these, 34% will have metastatic disease [6, 7] . When GC is detected at a localized stage, it is widely accepted that resection combined with perioperative chemotherapy or chemoradiotherapy offers the best chance for long-term survival [8, 9] . However, the optimal treatment strategy for metastatic GC remains a topic of debate, in part because the impact of primary tumor resection on survival is not clear [7, 10] .
The prognosis of metastatic GC is dismal, with a 5-year overall survival (OS) of 4% and a median survival of 10 months with chemotherapy alone [11] . Historically, these patients underwent palliative systemic therapy as the perioperative risk was significant and the benefit of primary tumor resection was thought to be minimal. Through advances in patient selection, perioperative care, and surgical technique, perioperative mortality has fallen to approximately 1%; this improved rate has renewed interest in evaluating the effects of primary tumor resection on overall survival in patients with metastatic GC [12] [13] [14] . The Dutch Gastric Cancer Trial was the first study suggesting that gastrectomy for patients with metastatic GC has the potential to improve survival compared to patients undergoing nonresectional surgery [14] . A populationbased analysis using the Surveillance Epidemiology and End Results (SEER) cancer registry showed a modest OS improvement in the context of a primary tumor resection for stage IV patients [15] . In contrast, one multicenter randomized controlled trial conducted in Asia, the REGATTA trial, did not show any benefit of gastrectomy on OS [13] .
However, because of distinct differences in GC between Eastern and Western populations, it is questionable whether the results from the REGATTA trial can be directly applied to Western countries [16] [17] [18] [19] [20] [21] . For instance, it is known that the age-adjusted incidence rate between Eastern and Western countries differs as much as fourfold; furthermore, Asian patients often have more distal tumors and lower-grade tumors, and Asian patients undergo more extensive lymphadenectomy compared to their counterparts. Even after adjusting for those well-known prognostic factors, Asian race remains a strong independent predictor of improved survival in a population-based study of Los Angeles County in the US [19] . Further research is needed to better delineate reasons for those ethnic differences; however, recognition that these differences exist suggest that Eastern studies may not be immediately generalizable to the West. Given the paucity of randomized data, we sought to utilize a large nationwide clinical oncology database to evaluate therapy related to primary tumor resection in stage IV GC in Western patients.
The primary aim of this study was to assess whether primary tumor resection and chemotherapy (PTRaC) had the potential to impact OS among patients with stage IV GC. Secondary aims were to characterize patients undergoing PTRaC as well as those who are likely to benefit from surgical resection of the primary tumor.
Methods

Data source
The National Cancer Database (NCDB) is jointly maintained by the American College of Surgeons Commission on Cancer (ACS CoC) and the American Cancer Society and gathers data from more than 1500 academic and community centers. The NCDB is estimated to capture 70% of all newly diagnosed cases of cancer in the United States and Puerto Rico and now contains more than 30 million patient records [22] .
Patients aged 18 years and older diagnosed from 2006 to 2012 with histologically confirmed metastatic (stage IV) adenocarcinoma of the stomach, as defined by the 7th edition of the American Joint Commission on Cancer (AJCC), were included in this study. Patients with adenocarcinomas of the stomach were identified using the following International Classification of Diseases in Oncology (ICD-O-3) histology codes: 8140-8145, 8210-8211, 8255-8323, and 8470-8490 [23] . Given the inherent difference of the treatment strategy for patients with gastric cardia carcinoma, these patients were excluded from the analyses. In addition, patients with additional primary cancer diagnoses other than GC, patients undergoing surgery outside the primary tumor site (e.g., resection of distant metastatic disease), or unknown surgical information and with unknown information about radiation therapy were excluded to form a homogeneous cohort for further analysis. Finally, patients who did not undergo surgical resection of the primary tumor and did not receive chemotherapy were also excluded. To assess the effect of surgical resection of the primary tumor among metastatic GC patients, our investigated patients were divided into two groups: (1) undergoing surgical resection of the primary tumor with chemotherapy and (2) receiving chemotherapy only. To account for metastatic tumor burden based on available information within the NCDB, we grouped the metastatic sites as follows: (1) distant lymph nodes, (2) peritoneum only, (3) peritoneum ± solid organ, (4) distant lymph nodes and peritoneum ± solid organ, and (5) unknown metastatic site. Based on inherent changes in coding within the NCDB over time, it was not possible to further delineate whether solid organ metastases were present for some patients with known peritoneal metastases (group 3). The following outcome variables were extracted from the NCDB: length of hospital stay, 30-day postoperative re-hospitalization rate, 30-day and 90-day postoperative mortality, and overall survival (in relation to date of diagnosis). (2006-2008, 2009-2010, 2011-2012) , age (\50, 50-64, 65-79, 80? years), gender (male, female), race (white, black, other/unknown), Charlson-Deyo comorbidity score (0, 1, C2), type of surgery (none, partial gastrectomy, total gastrectomy, gastrectomy with esophagus, gastrectomy with other organ, gastrectomy not otherwise specified), resection margin defined by the definitive pathological margin after resection of the primary tumor (R0, negative; R?, microscopically or macroscopically positive; Rx, unknown; no surgery to the primary tumor), chemotherapy before primary tumor resection (yes, no, other), distance to facility in miles (mean), and urban living (yes, no). Thereafter, survival was assessed by univariable Cox regression. Proportionality assumption was tested by scaling Schoenfeld residuals and inspecting the hazard ratio plots [24] . To account for the inherent selection bias, three strategies were applied. First, a multivariable Cox regression with adjustment for additional variables was performed. Second, full bipartite weighted and matched propensity score analysis with stratification for the year of diagnosis was performed using the ''MatchIt'' and the ''optmatch'' packages [25, 26] . Within the matched cohort, the baseline characteristics were compared to ensure that no major difference persisted. Third, an exact matching and weighting analysis was performed such that identical distributions of the baseline characteristics resulted [25] . The weights and subclasses obtained by the two propensity score procedures were included in Cox regression analyses. Patients without a counterpart with similar baseline characteristics in the comparison group were excluded from these analyses.
To assess predictors of long-term survival (defined as a survival of 2 years) among patients who underwent primary tumor resection, multivariable adjusted logistic regression analyses were performed. Subgroup analyses were performed after left-hand truncation of 3 months to exclude patients with very poor prognosis. In addition, subgroup analyses were performed after exclusion of patients younger than 20 years or older than 75 years. Furthermore, subgroup analyses were performed for patients with distant lymph node metastases only and for peritoneal metastases only. Based on information within NCDB, no subgroup analysis was possible for patients with liver metastases only.
Results
Patient cohort and short-term outcomes after surgery
A total of 7026 patients met the study inclusion criteria (Fig. 1 ). Of those, 6129 patients were treated with chemotherapy alone and 897 were treated with PTRaC. The two groups were heterogeneous in several patient and tumor characteristics; however, no differences were found in regard to comorbidities, urban living, or distance to treatment facility (Table 1) . Most patients who underwent a primary tumor resection had a partial gastrectomy (46.5%), followed by gastrectomy with other organs (20.5%) or total gastrectomy (19.7%). The rate of patients who underwent primary tumor resection decreased with increasing tumor burden. Most patients with a primary tumor resection received chemotherapy after surgery (75.5%) but only a few patients had systemic therapy both before and after surgery (6.9%). The rate of patients who underwent primary tumor resection decreased over time from 17% to 11% during the study period (p for trend: 0.03), whereas the use of multiagent chemotherapy increased from 78% to 85% (p for trend: \0.001). Mean length of hospital stay after surgery was 10.2 days (SD, 8.5), with an unplanned 30-day re-hospitalization rate of 5.7%. Thirty-and 90-day postoperative mortality rates were 1.3% and 8.2%, respectively. Mean time from diagnosis to primary tumor resection was 51.7 days (SD, 78.9), and 54.3% of the patients had a margin-negative resection (R0).
Predictors of primary tumor resection
After multivariable adjustment, patients who underwent PTRaC were more likely to be female, between ages of 50 and 64 years, with a tumor within the antrum/pyloric region or within the curvatures compared to the fundus, and to have received radiation therapy. Patients with peritoneal with/without solid organ or distant lymph nodes and peritoneum with/without solid organ metastases were less likely to undergo surgery compared to patients with isolated peritoneal metastases or distant lymph node metastases only, those with typical adenocarcinoma histology, or who had received multi-agent chemotherapy ( Table 2) . (Fig. 2a) . After multivariable adjustment, patients who had PTRaC had significantly better OS than patients who underwent systemic therapy only [hazard ratio (HR), 0.60, 95% CI, 0.56-0.64; p \ 0.001] (Table 3) . Additionally, better OS was observed in patients with grade 1/2 tumors, patients who received multi-agent chemotherapy, and patients with lower comorbidity scores, whereas patients with increasing metastatic tumor burden had worse OS.
The full bipartite propensity score-adjusted analysis was based on a total of 6455 patients, with 5570 patients within the chemotherapy group (exclusion of 559 patients) and 885 patients within the PTRaC group (exclusion of 12 patients). The 2-year OS of patients who received chemotherapy only was 12.6% (95% CI, 11.7-13.5%) compared to 34.2% (95% CI, 31.3-37.5%) for patients who underwent PTRaC (HR for resection: 0.52; 95% CI, 0.47-0.57; p \ 0.001) (Fig. 2b) .
The exact matching and weighting adjusted analysis was based on a total of 1186 patients, with 853 patients within the chemotherapy group (exclusion of 5276 patients) and 333 patients within the PTRaC group (exclusion of 564 patients). The 2-year OS was 12.3% (95% CI, 10.3-14.7%) for the chemotherapy-only group and 27.8% (95% CI, 23.6-32.9%) for patients who underwent PTRaC (HR for resection: 0.61; 95% CI, 0.53-0.71; p \ 0.001).
Predictors of long-term survival (>2 years) in patients who underwent primary tumor resection
Among the 897 patients who underwent PTRaC, 100 patients survived at least 2 years after diagnosis. After multivariable adjustment, the following factors were associated with improved long-term survival: older age, race other than Caucasian, use of radiation therapy, and chemotherapy before and after surgery. In contrast, signet-ring cell features, peritoneal with/without solid organ metastases and distant lymph nodes and peritoneum with/without solid organ metastases, primary tumor location in the corpus and antrum, and positive resection margin were associated with worse long-term survival (Table 4) . 
Discussion
To the best of our knowledge, this is the first populationbased study investigating the association of OS and PTRaC versus chemotherapy alone among metastatic GC patients.
The results indicate a significant survival benefit for patients who undergo PTRaC compared to patients who receive chemotherapy only. The significant survival benefit holds true, even after advanced statistical modeling including propensity score analysis and within-subgroup analysis limited to younger patients and excluding patients who survived less than 3 months, as well as after stratification by metastatic site. For patients with metastatic GC, 5-year survival rates rarely exceed 5%, and despite improvements in systemic therapies, median OS is less than 1 year [27] [28] [29] . Historically, perioperative mortality rates up to 20% made palliative gastrectomy unreasonable in the majority of metastatic GC cases, reserving this intervention for carefully selected symptomatic patients. However, perioperative mortality in the modern era is considerably reduced compared to earlier reports: 30-day mortality in our study was 1.3%. Therefore, the rationale for resection of the primary tumor has renewed debate among experts in the field of GC [13, 15] . Furthermore, recent evidence suggests that for selected cancers, including colorectal and renal cell cancer, primary tumor resection in the metastatic settings can lead to meaningful improvements in OS [30, 31] . These benefits may become increasingly apparent as systemic chemotherapies and immunotherapies continue to improve.
The first strong evidence suggesting that primary tumor resection among GC patients may improve survival for patients with metastatic GC was reported in a retrospective subgroup analysis of the Dutch Gastric Cancer Trial [14] . In this analysis, patients who underwent gastrectomy in the metastatic setting had significantly improved survival (8.1 months) compared to patients undergoing palliative gastroenterostomy or laparotomy alone (5.4 months) (p \ 0.001). In addition, two randomized controlled trials have prospectively evaluated the impact of primary tumor resection among stage IV GC patients. The recently published REGATTA trial was a multicenter Asian study comparing gastrectomy followed by chemotherapy (2-year OS, 25.1%) versus chemotherapy alone (2-year OS, 31.7%) among asymptomatic patients with metastatic gastric cancer [13] . This trial was ended prematurely after the first interim analysis, as the chance to find an OS benefit at the end of the study for the gastrectomy plus chemotherapy group compared to chemotherapy only was only 13.2%. The inclusion criteria to the REGATTA trial were very strict and limited to asymptomatic patients with metastatic sites specifically limited to peritoneum in the diaphragm or peritoneum caudal to the transverse colon without massive ascites or intestinal obstruction or with paraaortic lymph node metastases above the celiac axis or below the inferior mesenteric artery. Although it was impossible to apply such strict inclusion criteria to this retrospective population-based analysis using NCDB, an OS benefit for patients with 'distant lymph node metastases only' and 'peritoneal metastases only' persisted, which, with all its limitations, might diverge from this recently published trial from the East. In contrast, the American single-center GYMSSA trial was intended to compare the combination of primary tumor resection, metastasectomy, hyperthermic intraperitoneal chemotherapy (HIPEC), and systemic chemotherapy with systemic chemotherapy alone [32] . Although this study was unfortunately terminated because of poor accrual, preliminary results showed that median OS among patients with systemic therapy was 4.3 months, compared to 11.3 months after multidisciplinary treatment including gastrectomy. Despite the inconclusive nature of the GYMSSA study, its limited data suggest resection in addition to systemic therapy may benefit certain carefully selected patients within the Western population. The importance of this open research question is even further highlighted by a study assessing ''cytoreduction, gastrectomy, and hyperthermic intraperitoneal chemoperfusion (HIPEC) in gastric adenocarcinoma and carcinomatosis or positive cytology,'' which recently began to recruit patients in the US (NCT02891447). Differences between Western and Eastern GC are well documented. Patients in Western countries often present with more advanced stage disease as compared to Eastern countries where screening programs exist [33, 34] ; moreover, for reasons that remain poorly understood, Asian patients may in fact have a better stage-for-stage prognosis than Western patients [20, 21, 35] . Recent data also suggest an ethnic difference in responses to chemotherapy, again implying a biological difference in disease process [17] [18] [19] . Together, these findings question whether the negative results of the REGATTA trial are generalizable to Western populations.
Further supporting our analysis are several smaller retrospective analyses and meta-analyses that have reported improved long-term outcomes for patients who underwent PTRaC compared to chemotherapy alone [11, 15, 28, 36] . Multiple independent predictors for OS are discussed within these studies, which are also corroborated through our analysis. Together, they lend greater support to the argument for a potential role of PTRaC and, because of our use of a large nationwide database and advanced statistical modeling, we potentially negate some of the inherent publication bias found in single-center retrospective analyses [11, 28, 36] . In evaluating the palliative nature of interventions for patients with metastatic GC, the importance of qualityof-life measures (QoL) cannot be overemphasized. To date, however, no prospective data exist focusing on QoL measures among patients undergoing primary tumor resection for metastatic GC, and no such data are currently available from the NCDB. However, within a single-center cohort study, QoL measures including time to return to normal daily activities, time to return to oral nutritional intake, and frequency of vomiting and gastrointestinal bleeding were assessed between patients undergoing gastrectomy versus non-resectional procedures. In this study, all three of these QoL endpoints were improved for patients who underwent palliative resection [37] . This finding suggests that in addition to an OS improvement for primary tumor resection, there may also be benefits in patient-reported outcomes, necessitating that any future prospective studies prioritize QoL measures as study endpoints.
Limitations
The large number of patients with metastatic GC in this population-based analysis allowed for advanced statistical modeling, in which adjustments were made for differences in baseline characteristics between study groups. However, given the inherent limitations of registry data on variable granularity, hidden selection bias remains a potential limitation. For example, detailed information about tumor burden and metastatic site among patients with metastatic disease is missing; therefore, surrogates for tumor burden as described within the Methods section were evaluated. Despite this attempt to adjust for unavailable data, it is likely that patients with limited metastatic disease are overrepresented within the group of patients undergoing PTRaC. Furthermore, we were not able to stratify patients as to whether the reason for surgical resection was based on primary tumor-related symptoms. Given that 75.5% of the patients received chemotherapy only after surgery might imply that those patients suffered from symptomatic gastric lesions. However, this correlation remains hypothetical, but should be addressed in any further investigation if possible. In analogy to most other studies, we also lack information about QoL measures. In addition, information on HER2-status is not captured in the NCDB, and therefore stratified analyses between these tumor factors were not possible.
Conclusion
Significant uncertainty remains about the potential benefits of primary tumor resection in Western patients with metastatic GC. Our results support the need for further prospective trials investigating the influence of PTRaC on survival among patients from the US and Europe. Our data strongly suggest that there exists, at the very least, a subset of carefully selected patients for which PTRaC can improve OS. Until data from Western prospective randomized studies become available, patients with metastatic GC should continue to be evaluated within a multidisciplinary team that includes surgeons, and primary tumor resection should be considered cautiously on an individual basis.
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